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ABSTRACT: The response of the Squib Mk 1 Mod 0 to 5-Mfegacycle constant 
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amplitude for firing reaches a minlrmif asya^totic value. Por a current 

aiqplitude of 37^ allllaapeires a pulse width of 155 Billiseconds was found 
necessary to obtain 50-percent fires.  When the current was tvllowed to 
flow for approxiaately 10 seconds (essentially steady state) a lower 
firing level of 308 silllaaperes for 50-percent response was determined. 
These values are consistent with previous data obtained at 5 aegaeycles 
for shorter pulse times and also with DC constant current firing data. 
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The work reported on here has been carried out as part of the Naval 
Ordnance Laboratory's participation in the HERO (Hazards of Electromagneti; 
Radiation to Ordnance) program supported by Tasks 506-925/56015/07040, 
506-924/56035/OIO73, and NOL-443. The objective of the HERO effort at 
NOL is generally to characterize the response of electro-explosive devices 
to electric and electro-magnetic energies. This report describes the 
results of tests to determine the response of the Squib Mk 1 Mod 0 to 
small amplitudejlong time,constant-current (EMS) 5-megacycle pulses. 

This work should be of interest not only to the HERO project but also the 
broad field of electro-explosive device design, development, manufacture, 
and use. 

W. D. COLEMAN 
Captain, USN 
Commander 

C. Q.   ARONSON 
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~ICII C1l S'PD * 1 JI)J) 0: 
5 lllpqcle Rr Seuttbi.tr tor Loac DarattOD P\alae• 

INTR>:WC'l'ION 

A• part or i t• task on the Ha~ ot Electromagnetic Rndio.tion to 
Ordnance {.REK>) program, the Naval Ordnance laboratory is determining the 
response ot the Mk 1 Mod 0 Squib to varioua electrical stimuli. One input 
atiDillua under "nvestiption baa been 5-Mgacyele constant-current (If.\S) 
pulses. 'lbe ~sponse of' the equ1b to pulaee at thia frequency, compnred to 
ita response at DC, is of' intere•t 1D u••••1D& and predicti'llb hazarc1B from 
communication equipment. 

Measurement of' the respcmu ot the Mk l Squ.tb to 5-mesaeycle st1111ll1 
baa al.reaey been carrie.! out u4 reported (l) by this Laborat o1'7 tor current 
level• ot approxi•te~ 1, 2, ], an4 4 &q)erel. Data tor lover UIP11t ude 
current• at 5 •gaeyel•• baft not beee obtained. It il a eoJIDXl obsel"ftt1on 
that there ex1at• tor each ~1eulnr lED a lover tlrins current le~l belov 
vhlch tbe E!D wtll DOt tire. 'Dna 1e aD illpol"tant pe.nmeter in Mr&eter• 
izinc the El1> wtth reapeet to the aatetr 1D han4ltna it. 1bts report 
4eacrtbee the work earrte4 out to obtaiD tbe reapoue ot tbe Mk l Sq\lib at 
lover uplttua.e in orc!er to better a.t'iae 1t1 aiDiala tl..US eurrent lewl 
u4 to tvttaer eatebU•b tlle twnrall lbape ot tbe ttnna NJTeDt•P'll•• vt4th 
relatlonablp. Die eonel•t• ~au~ dnw•-tbat tbere 11 no llsnttteut 
cUtterenee betVHD tbe nQGMe ot the Mk 1 lq\all» to DC atl~l ua4 to 
5-.,peyele eoutuat~ <•> eti..U-18 etlll vaU4 for tbe lov• 
upli t\lde l.ODI-6aratlaD pale••· 

The Anaratae. !tie 5-1._cJele ~-clll"ftl!t ttn ... d.ata pNYtoul.J 
obtaifte4 u4 reportet an .-rt.Md ~ rtgUN 1, aD4 an abovft to"'"" u 
proper bae~ tor Ue a441tloaa1 data to l»e pi"Hented 1D thlt report. 
I t can be aHD tl"'Ol FlS'Ift 1 tlld tbe Pft"ioa. clata 414 DDt ettablilb tbe 
lower f1riq leftl, I.e., ..U uplltule l&rp tt. taput• tor tbe 
5-megaeycle treq\aeftq. fte aptMY"at• previou~ 11H4, eme.,t toJo tbe 
e~andard reatetor, eO\Ll4 DDt \)e UMCl toJo tbe preeeat work l»ee .. e tile JN1M 
time coul4 not be elet.endecl -.,aacl ~·~ l 11d.Utaeeoa4. ~~, 
dit'f'erent 1nstrumeutat1ofl lla4 toM clne1ope4 fer the npen.ata ot tbe 
present wrk. !tQllever 1 thct stan4ar4 1'9letoP, vllieb tiU ,....SOUl~ •••_,let 
and ealibrated Vitb lllleb caN, VU al8o .-e4 1a tbeM pNMIIt eJ:perlMDta. 

(1) NavWey• Report TI09,"Charaetert&a~D cr Squib Mk 1 Moct 0: 5-Mepeyele Rr 
Burst Sensitivity", 16 December 196<> .• L. Green and. C. Goode. 
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It waa desired to eetabli1h tvo dditional data points for the rc 
5-megaeyele conatant-current {lim) - pul.ae v1c1th relationship. One point. P• 
vu deaired at the lowest firing lnel {lld.ntaua current posaible tor inf1 ni t el.y:>J 
l~ng input ttmea);the other point waa de ired between the lowest point ' 1 

este.bllahed in reference 1 {1 ampere) and t hie mlniJIIua firing leTel. 

'!he apparatua uaut>led conaiatec1 buica~ of a 5-•pcycle un1.t 
oac1llator, * a power .upply for the oacillator, and ~ eoax::lal satety awi tch 
to iaolat~ the tirina pu.lae troza the squiu in the f1r 1.ng ch&JIIber until it vas 
deaiNd to dellwr the tiring pul.ae. In ettabllahing the l ower tiring lewl, 
the apparatua vu operated. at CW. For the "in-between" point th~ apparatus 
waa mdit1ed to contain an 1.: pulae tol'WI1:Dg dtworlt to allow variation of the 
pul.ae v14th u delired. J'isun 2 ahova a block diaar• of the apparat ua used 
1nclu41ns the tvo oaci~Lloacopea vhich mnitored the JNb• Ul()litude and/ or 
JNh• v14th. 'But buic mn tol"ing vu pertor.d by o~aerrlng the J)<.ltent1al 
drop aerosa the atan4ar4 redator 1B aenee with t.he squib t o be t1.red. 'lbe 
tlriDS vu at conetant eUJTent 'ti~au• the Sllput ilftpedance ot the oacill tor 
vu h1cb (50 otu.) ~4 to the aquib ~e. Yariationa i n aquib 
1Jipe4ance 4ur1Jla the t11"1q ~ le ( ebulc•• ot about 30 to 40 percent ot the 
awnp 1-oba bl'14ge realatanee) were MgUgible 1Ja eo..,arlaon to the 50 ohms 
vbleb aete4 u a cvzreat 1111ttf.Ds b&Uaat 1ft tbe e1rc:u1t. 

!be ute .. 1to1'111& vu neceaaa17 t.o obtdll W!evatel.y the aJII)llt\lde 
of the C\lft"eDt, aD4, tor tbe "1a•betWMn" point, tbe pulse Vidth. 'lbe 

., .. 

ll 

, 

ev.rrent UI)Utw 4ur111e -.eh ttnaa wu Ht app!'Od.Jately by .,.. by a4Juat1ng 
t lw pot-.t1al 4I'Gp aeroea tbe 8tlll4ar4 reelator. !!le t111&1 eur.reat UIIPlltu4e, 
~1', vu taken~ re.U... vltll a e~ t.be pboto&rapb ot the CM trace. 

lladtoriDC ot t.a.. p~teattal 4rop eeroea taw .qutb vu &lao pertor.tt 1a 
cue it wu dea1re4 to cal.eulate thee 1a aq\db S.cSaae• -.4 t eoercr 
t.l1wN4 to tbe aqv.ib aurt.na tbe ttrtaa pulae. 

'ftle !xnPl t al J!r2!!!4!r!• ~ tat• tor botll polata wr. obteJ.IM4 
~ t.be lrucetoa ata1r-atq proeetture (2). ror t.lle llllllaa CUI'I"et po1Dt t.be 
"cm•tt•" ot each pu1ae vu bel4 c:out.at at 1(, aeeoa4a aD4 tbe CVNDt. 1..,.1 
vu t.4Juate4 ta ~cor41Dee Vitia tbe BNectoa pt. •t~a~ U'lttm.tte ~ 
ltepa. aq.db• *lela a' DOt tift Ill .... 10 MeCDia ,... tu. to be at 

4tA O..ralladio ~t 12111 01' --~· 

(2) N/17 Repo!"t 101.1R 1111-P Jo. '<>, S~t18tical ~b toP a ... PaocahN 
la lcllt1vit)" Bxpel'iaat 1 ~ 1~. S.. abo "• 3 • ...... 
F. J. Maaaq, "Int~tcm w ltatt~kal ~t•" (lleanw au loc* 
Co., Inc. 1 Rev Yo~,. 1"1). 
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equilibrium teinperature-wlse and therefore considered to be "no-fires".* It 
was attempted to set the current steps 25 milllanTperes apart.  As explained 
previously, the levels were set as best possible by eye using the potential 
drop across the standard resistor. Later, from the photographic record« the 
actual setting was read by use of a comparator.  The comparator readings for 
each step (level) were then averaged to obtain the best estimate of the 
numeric value of the level to be used In the analysis of the results. ThlB 
produced a non-uniform step size and, although the mean firing level computed 
is accurate, the standard deviation should not be used to compute any other 
percent firing point. 

The data point between the lowest level of reference 1 and the minimum 
firing current was obtained using a variable pulse width Bruceton test plan. 
The current was set constant by eye at approximately 0.375 amperes. The 
monitor was again used to obtain the best average of the constant»current 
settings. This average turned out to be 0.37^ amperes.  The pulse width, 
as previously explained, was varied by th« pulse forming network. 

RESULTS AND CONCLUSIONS 

Ifc« data obtained In the fixed pulse length-»variable current test 
(dniinua firing level) are shown In Figure 3« "Hie average mlnlinua firing 
current {50-P«rcent fires) was detenalned to l>e O.306 ml 111 amperes. This 
v«luc coiapares well with the DC minlmu» firing current of 0.3 mllliempereB 
Because the Mk 1 Squib does not have a normal distribution of response to 
energizing stlnull (^) and because of the modification needed to analyze the 
experlaent&l data Indicated above, no «ttespt is üiäde to prescribe a no-fire 
loval for 5'nigacycle energy sources. 

(3) 

Tb« data obtained in the fixed currant-variable pulse width test are 
ahown In Figur» h.    Ih» nsan average pulea width wrs detenalned to be 155 
■llliseconds for tba 0.37^-«aver« fixed current level. 

•mils is net unreasoaafcla «inea the Nk 1 Squib has a tharaal tlmm constant 
of approximately k miUieaconda. A tine of 10 eacondc is tliua äquivalent 
to 2500 tia» eonatcatg» 

(3) "Cartridge Aetuatad Saviee Ignltar HeaJbook", majitia neeaareh Corp., 
id Juno 195<V» (praparad under contract r    1 17^97) 

tk} Ra^apa Report T3k7, "Cbaraetarlsatioffi ct the Sqtiib Mk 1 Mod 0« 
IJetermlTtatlon Of the Statistical Model",   L.   D.  Hampton and J.  IT.  Ayres, 
30 January 1961. 
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The two points determined are plotted in Figure 5 and are consistent 
with the data of reference 1.  They show that there is no significant differ- 
ence in the response of the Mk 1 Squib to constant current supplied at DC 
or 5 megacycle (iWS). 
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